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Description 

Technical Field 

The present invention relates to a catheter for 
inserting or removing an expansion holder for hold- 
ing an inner diameter of an internal cavity of a 
tubular organ. 

Background Art 

An expansion holder (to be also called a stent 
hereinafter) is generally used to hold an Internal 
diameter of an internal cavity of a tubular organ so 
as to prevent a stenosed portion of. e.g., a coro- 
nary artery from being stenosed again after the 
stenosed portion is expanded by a blood vessel 
expansion catheter. 

A conventional stent used for the above pur- 
pose is a net made of a stainless steel wire (Sur- 
gery, 1986. Vol. 99, No. 2, p. 199 - 205) or a stent 
made of a unidirectional shape memory alloy (Pub- 
lished Examined Japanese Patent Application No. 
61-6655). When a blood vessel is to be held ex- 
panded by using this stainless steel stent, the stent 
is inserted to a predetermined position of the blood 
vessel through a blood vessel expansion catheter, 
and a balloon arranged at the distal end of the 
catheter is expanded to expand the stent to the 
same diameter of the blood vessel. When a stent 
made of a unidirectional shape memory alloy is 
used, it is inserted to a predetermined position of a 
blood vessel and is warmed with warm water, 
thereby expanding the stent. 

In either case, the stent is simply wound ar- 
ound and held at the distal end portion of the 
catheter. The outer diameter of a catheter portion 
around which the stent is wound is larger than that 
of other catheter portions. As a result, when a 
catheter is inserted in a relatively thin blood vessel 
such as a coronary artery, or when the catheter 
mounted with this stent is inserted into a guide 
catheter, the sliding operation of the catheter is 
degraded due to the presence of the stent mount- 
ing portion, thus posing a problem. In addition, 
since a conventional stent inserting/removing cath- 
eter does not have any means for assuring a 
position of the distal end of the catheter or a 
positional relationship between the catheter distal 
end and the indwelled stent, it is difficult to operate 
such a conventional catheter. 

A catheter of the above described type is also 
known from US-A-4 503 569, which forms the clos- 
est prior art. 

It is an object of the present invention to pro- 
vide a stent inserting/removing catheter which can 
be smoothly slid within a blood vessel and in a 
guide catheter, can assure a position of a distal 



end portion, and can improve operability. 
Disclosur of Invention 

5 In order to solve the above problem, the 

present invention reduces the outer diameter of a 
stent mounting portion at a distal end portion of a 
catheter to prevent this mounting portion from hav- 
ing an outer diameter larger than that of other 

10 catheter portions even if a stent is mounted there- 
on, and employs a means for forming an X-ray 
non-transmission marker on a small-diameter por- 
tion of the stent mounting portion, as needed. 

More specifically, according to the present in- 

75 vention, there is provided a catheter characterized 
by comprising a catheter tube having an open 
proximal end or two open ends and at least one 
side opening formed on a circumferential wall near 
a dismal end of the catheter tube to communicate 

20 with an opening at the proximal end, a hub portion 
formed to communicate with the opening at the 
proximal end of the catheter tube, and an expan- 
sion holder for holding an inner diameter of an 
internal cavity of a tubular organ, the expansion 

25 holder being made of a shape memory alloy cyl- 
inder which can radially expand or contract upon 
changes in temperature, and the expansion holder 
being mounted to cover at least part of a catheter 
tube portion corresponding to the side opening, 

30 wherein an outer diameter of the catheter tube 
portion corresponding to the side opening is small- 
er than that of other catheter tube portions, and the 
expansion holder is mounted on the catheter tube 
portion corresponding to the side opening so that 

35 an outer diameter of the expansion holder is equal 
to or smaller than that of the other catheter tube 
portions. 

Furthermore, according to the present inven- 
tion, there is provided a catheter having an X-ray 
40 non-transmissing marker on at least part of the 
catheter tube portion corresponding to the side 
opening. 

Moreover, according to the present invention, 
there is provided the expansion holder comprising 

45 a herical member made of a unidirectional or 
bidirectional shape memory alloy. 

The hub portion of the catheter may comprise 
a branched hub having at least one branch port. A 
check valve may be arranged in one of the ports. 

50 The shape memory alloy according to the 
present invention has a transformation temperature 
and is deformed into a memory shape when it is 
heated to the transformation temperature or more. 
The unidirectional shape memory alloy can be 

55 freely deformed at the transformation temperature 
or less, and keeps the memory shape upon being 
heated to the transformation temperature or more 
even wh n the alloy is cooled to the transformation 
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temperature or less unless an external fore is not 
applied thereto. The bidirectional shape m mory 
alloy additionally has a memory shape at the trans- 
formation temperature or less and is reversively 
deformed into one of the two shapes with respect 
to the transformation temperature as a boundary. 

In the catheter according to the present inven- 
tion, since the stent can be mounted on a catheter 
tube portion near its distal end such that the outer 
diameter of the stent mounting portion is not larger 
than that of other catheter tube portions, sliding 
resistance can be greatly reduced when the cath- 
eter tube is inserted into the guide catheter or a 
blood vessel, thereby improving operability. In ad- 
dition, since the marker made of an X-ray non- 
transmission material is formed on the stent mount- 
ing portion, the position of the distal end of the 
catheter or the relationship between the indwelled 
stent and the distal end of the catheter can be 
clearly assured. Other additional effects can also 
be obtained. For example, when branch ports are 
formed in the hub portion, a cooling liquid or var- 
ious liquid medicines solutions can be injected 
without requiring removal of a circuit device for 
measuring a pressure and the like. 

Brief Description of Drawings 

Fig. 1 is a side view of a catheter according to 
the present invention. Fig. 2 is a side view showing 
a state wherein a stent is removed from the cath- 
eter. Fig. 3 is a side view showing a structure of 
the stent. Fig. 4 is an enlarged sectional view of a 
hub portion of the catheter, Fig. 5 is a side view 
showing a state wherein the catheter according to 
the present invention is inserted into a blood ves- 
sel, and Fig. 6 corresponds to Fig. 5 and is a side 
view showing a state wherein the stent is expanded 
and indwelled in the blood vessel. 

Best Mode of Carrying Out the Invention 

The present invention will be described with 
reference to the illustrated embodiment. 

Fig. 1 shows, an embodiment of a catheter 
according to the present invention. The catheter 
comprises a catheter tube 11 having two open 
ends, a hub portion 12 arranged to communicate 
with an opening at the proximal end of the catheter 
tube 11, and a spiral expansion holder (stent) 13 
mounted on the distal end portion of the catheter 
tube 11. A portion of the catheter tube 11 which 
receives the stent 13 thereon constitutes a small- 
diameter portion 11a having an outer diameter 
smaller than that of other catheter tube portions. 
Therefore, when the stent 13 is mounted on the 
small-diam ter portion 11a, the outer diameter of 
th stent 1 3 is equal to or smaller than that of other 



catheter tube portions. In other words, th outer 
diameter of the small-diameter portion 11a of the 
catheter tube 1 1 is smaller than the outer diameter 
of other catheter tube portions by an amount cor- 

6 responding to twice or more the wall thickness of 
the stent 13. 

A large number of side openings 14 which 
communicate with the opening at the proximal end 
of the catheter tube 11 to supply a stent cooling 

10 liquid are formed in the circumferential wall surface 
of the small-diameter portion 11a. Fig. 2 shows a 
state wherein the spiral stent 13 (Fig. 3) is removed 
from the assembly shown in Fig. 1, thus clearly 
illustrating the state of the side openings 14. The 

75 shape of each side opening 1 4 is not limited to the 
illustrated circular shape, but may be a slit-like 
shape. In addition, the number of side openings 14 
is not limited to a specific number, but can be 
arbitrarily selected. 

20 A distal end portion 1 lb of the catheter tube 1 1 
has an outer diameter equal to that of the proximal 
portion and has a spherical end face. A hole is 
formed at the center of the distal end portion lib 
to receive a guide wire therethrough. Ring markers 

25 15 made of an X-ray non-transmission material 
such as gold are formed at both ends of the small- 
diameter portion 11a. 

The hub portion 12 has a pair of branch ports 
16a and 16b, so that a cooling liquid and various 

30 liquid medicines can be injected without removing 
a pressure measuring circuit device and the like. 
Alternatively, only one branch port may be pro- 
vided, and a three-port cock or the like may be 
mounted in this branch port. As shown in Fig. 4, 

35 the proximal end of the hub portion 12 is open and 
a check valve 17 made of a flexible material such 
as silicone rubber is arranged near the opening of 
the proximal end. Therefore, the guide wire or the 
like can be inserted through the proximal end of 

40 the hub portion 12 while maintaining liquid tight- 
ness. 

Generally, a thermoplastic resin (e.g., an eth- 
ylene-vinyl acetate copolymer) is preferably used 
as a material of the catheter tube 11. Similarly, a 
45 thermoplastic resin (e.g., polycarbonate) is gen- 
erally used to form the hub portion 12. As shown in 
Fig. 4, the hub portion 12 is connected to the 
proximal end portion of the catheter tube 1 1 . 

50 (Example 1) 

A bidirectional shape memory alloy (a Ni-Ti 
binary alloy consisting essentially of 51 atm% of Ni 
and the balance substantially F ) manufactured into 
55 a stent 1 3 by a predetermined method was formed 
into a spiral shape, as shown in Fig. 3, and the 
spiral stent 13 was inserted around the small-diam- 
eter portion 11a of the cath ter tube 11 in an 
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expanded shape whil being maintain d at 35*0 
or more. The expanded stent 13 was cooled to a 
temperatur of 20 • C or less by using a physiologi- 
cal saline cooled with ic and contracted and was 
brought into tight contact with the small-diameter 
portion 1 1 a. The outer diameter of the stent 1 3 was 
thus set to be equal to or slightly smaller than that 
of other portions of the catheter tube 11. The 
physiological saline cooled with ice was flowed out 
from the side openings 14 through the port 16b. As 
shown in Rg. 5, the stent 13 was inserted to the 
target indwelling portion through the guide catheter 
18 by utilizing the guide wire 19 while the stent 13 
was kept contracted. In this case, the guide cath- 
eter 18 was inserted in a blood vessel 20 in ad- 
vance. This operation was performed under X-ray 
transmission scopy fluoroscopy. The position of the 
stent 13 was easily confirmed by the markers 15 
mounted on the small-diameter portion 11a of the 
catheter tube 11. When the stent 13 reached this 
indwelling portion, and supply of the physiological 
saline cooled with ice was stopped, the stent 13 
was gradually warmed by the body temperature. 
When the small-diameter portion was warmed to 
the body temperature (35 •C), the stent 13 was 
expanded, and was brought into contact with the 
inner wall surfaces of the blood vessel 20, and was 
held at this position, as shown in Rg. 6. The distal 
end of the catheter tube 11 could be easily re- 
moved from the stent 13 while the stent 13 was 
indwelled at a predetermined position of the blood 
vessel 20. When a predetermined period of time 
elapsed after the indwelling operation, the catheter 
tube 11 was inserted into the blood vessel 20 
again, and a contrast medium was injected into the 
blood vessel 20 through the port 16a to check 
whether thrombi or the like were attached to the 
stent 13. If so, an appropriate infusion solution such 
as urokinase was injected from the port 16a to 
dissolve the thrombi. The physiologial saline cool- 
ed with ice was injected from the port 16b to cool 
and contract the stent 13. The stent 13 was 
brought into contact with the small-diameter portion 
1 1 a of the catheter tube 1 1 and could be removed 
from the indwelling portion. 

(Example 2) 

A unidirectional shape memory alloy (a Nl-Ti 
binary alloy consisting essentially of 50 atm% of Ni 
and the balance substantially Fe) manufactured into 
a stent 13 by a predetermined method was formed 
into a spiral shape, as shown in Rg. 3. A shape 
was memorized such that this stent 13 could be 
deformed to be brought into contact with the small- 
diameter portion 11a of the catheter tube 11 at 
40 "C or less but was expanded at 50 "C or more 
to be brought into contact with a predetermined 



indwelling portion. 

As shown in Rg. 1, the stent 13 was brought 
into tight contact with the small-diameter portion 
1 1 a of the cathet r tube 1 1 to set the outer diam- 

5 eter of the stent 13 to be equal to or smaller than 
that of other portions of the catheter tube 11, as 
shown in Rg. 1. As shown in Rg. 5, the stent 13 
was inserted to the target indwelling portion 
through the guide catheter 18. A contrast medium 

10 was injected from the port 16b, and a stenosed 
portion at the indwelling portion was checked by 
transmission scopy and at the same time pressures 
at the proximal and distal end portions of this 
portion were measured via the port 16a to appro- 

75 priately determine the degree of stenosis. An ap- 
propriate liquid medicines such as urokinase was 
injected from the port 16b, and an appropriate 
treatment was performed for the indwelling portion. 
A warn physiological saline at 50 • C or more was 

20 supplied from the port 16b to the side openings 14 
to change the shape of the stent 13 in an ex- 
panded shape and to indwell the stent 13 at this 
portion. Thereafter, a contrast medium was injected 
from the port 16b to check indwelling of the stent 

25 under fluoroscopy, and at the same time pressures 
at the proximal and distal end portions of the 
indwelling portion were measured via the port 16a 
to confirm there was no pressure gradient. The 
catheter 11 was then removed from the body. 

30 

Industrial Applicability 

The catheter according to the present invention 
is useful in medical operations which aim at tem- 
35 porarlly or permanently expanding and holding the 
inner diameter of an internal cavity of a blood 
vessel or any other tubular organ. 

Claims 

40 

1. A catheter comprising a catheter tube (11) 
having an open proximal end and at least one 
side opening formed on a circumferential wall 
near a distal end of said catheter tube to 

45 communicate with an opening at said proximal 

end, a hub portion (12) formed to communicate 
with said opening at said proximal end of said 
catheter tube, an expansion holder (13) for 
holding an inner diameter of an Internal cavity 

50 of a tubular organ, said expansion holder being 

made of a shape memory alloy cylinder which 
can radially expand or contract upon chariges 
in temperature, and said expansion holder be- 
ing mounted to cover at least part of a catheter 

55 tube portion (11a) corresponding to said side 

opening, an outer diameter of said catheter 
tube portion (11a) corresponding to said side 
opening being smaller than that of other cath- 
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ter tube portions, and said expansion hold r 
(13) is mounted on said catheter tube portion 
(11a) corr spending to said side opening char- 
acterized in that an outer diameter of said 
expansion holder is equal to or smaller than 
that of other catheter tube portions and said 
catheter tube may have two open ends. 

2. A catheter according to claim 1. wherein at 
least one X-ray non-transmission marker Is 
formed on said catheter tube portion corre- 
sponding to said side opening. 

3. A catheter according to claims 1 or 2, wherein 
at least one port is added to said hub. 

4. A catheter according to any preceding claim, 
characterized In that at least part of a distal 
end portion in front of said catheter tube por- 
tion corresponding to the side opening has an 
outer diameter substantially equal to that of 
said other catheter tube portions. 

5. A catheter according to any preceding claim, 
wherein said expansion holder has a helical 
shape. 

6. A catheter according to any preceding claim 
wherein said shape memory alloy exhibits un- 
idirectional shape memory properties. 

7. A catheter according to any one of claims 1 to 
5 wherein said shape memory alloy exhibits 
bidirectlonnal shape memory properties. 

Patentanspruche 

1. Katheter. umfassend einen Katheterschlauch 
(11) mit einem offenen proximalen Ende und 
mindestens einer in einer Umfangswand nahe 
einem distalen Ende des Katheterschlauches 
geformten Seitenoffnung fCir Verbindung mit 
einer 5ffnung am proximalen Ende, einen (An- 
schluB-)Stutzenabschnitt (12). der fOr Verbin- 
dung mit der 5ffnung am proximalen Ende des 
Katheterschlauches geformt ist, (und) einen 
Expansionshalter (13) zum Aufrechterhalten ei- 
nes Innendurchmessers eines inneren Hohl- 
raums eines rohr- oder schlauchformigen Or- 
gans, wobei der Expansionshalter aus einem 
Zylinder aus einer FormgedSchtnislegierung 
geformt Ist, der sich bei Temperaturanderun- 
gen radial aufzuweiten oder zusammenzuzie- 
hen V rmag, wobei der Expansionshalter so 
angebracht ist, dafi er zumindest einen Teil 
eines Katheterschlauchabschnitts (11a) ent- 
sprechend der Seitenoffnung verdeckt, wobei 
ein AuBendurchmess r des Katheterschlauch- 



abschnitts (11a) entsprech nd der Seitenoff- 
nung kleiner ist als derjenige von anderen Ka- 
theterschlauchabschnitten und wobei der Ex- 
pansionshalter (13) an dem der Seitenoffnung 

5 entsprechenden Katheterschlauchabschnitt 

(11a) angebracht ist, dadurch gekennzetchnet, 
da6 ein AuBendurchmesser des Expansions- 
halters gleich groB oder kleiner ist als derjeni- 
ge von anderen Katheterschlauchabschnitten 

10 und daB der Katheterschlauch zwei offene En- 

den aufwelsen kann. 

2. Katheter nach Anspruch 1, wobei mindestens 
ein fOr Rontgenstrahlung nicht durchlassiger 

75 Markierer an dem der Seitenoffnung entspre- 

chenden Katheterschlauchabschnitt geformt ist. 

3. Katheter nach Anspruch 1 oder 2, wobei am 
Stutzen(abschnitt) mindestens ein ZulaB hinzu- 

20 gefugt ist. 

4. Katheter nach einem der vorangehenden An- 
sprilche, dadurch gekennzeichnet, daB minde- 
stens ein Teil eines distalen Endabschnitts vor- 

25 derhalb des der Seitenoffnung entsprechenden 

Katheterschlauchabschnitts einen AuBendurch- 
messer aufweist, der im wesentlichen demjeni- 
gen der anderen Katheterschlauchabschnitte 
gleich ist. 

30 

5. Katheter nach einem der vorangehenden An- 
spruche. wobei der Expansionshalter eine wen- 
delartige Form besitzt. 

35 6. Katheter nach einem der vorangehenden An- 
spruche, wobei die Formgedachtnislegierung 
unidirektionale bzw. einseitig gerichtete Form- 
gedachtniseigenschaften aufweist. 

40 7. Katheter nach einem der Anspruche 1 bis 5, 
wobei die Formgedachtnislegierung bidirektio- 
nale bzw. zweiseitig gerichtete FormgedScht- 
niseigenschaften aufweist. 

45 Revendications 

1. Catheter comprenant un tube de catheter (11) 
avec une extr6mit6 proximale ouverte et au 
moins un orifice lateral forme sur une paroi de 

50 la circonf^rence, prfes d'une extr^mit^ distale 

dudit tube de catheter, pour communiquer 
avec un orifice se trouvant en ladlte extr^mit^ 
proximale, une partie manchon (12) form^e 
pour communiquer avec ledit orifice au niveau 

55 de ladite extr^mit^ proximale dudit tube de 

catheter, un dispositif de retenue par expan- 
sion (13) pour maintenir le diametre int^rieur 
de la cavit§ int§rieure d*un organe tubulaire, 



5 



9 EP 0 433 447 B1 10 

ledit dispositrf de retenue par expansion ^tant 
fait d'un cylindre en alliage ^ m^moire de 
forme qui peut se di later ou se contracter 
radialement lors de variations de temp^ratur , 
et ledit dispositif de retenue par expansion 5 
^tant mont^ pour recouvrir une partie au moins 
d'un tronQon (11a) du tube de catheter qui 
correspond audit orifice lateral, le diann^tre ex- 
t^rieur dudit trongon (11a) de tube de catheter 
qui correspond audit orifice lateral ^tant plus io 
petit que celui des autres trongons du tube de 
catheter, et le dispositif de retenue par expan- 
sion (13) est mont6 sur ledit trongon (11a) du 
tube de catheter qui correspond audit orifice 
lateral, caract^ris^ en ce que le diamfetre ext^- is 
rieur dudit dispositif de retenue par expansion 
est ^gal ou inf^rieur ^ celui des autres tron- 
gons du tube de catheter et ledit tube de 
catheter peut avoir deux extre mites ouvertes. 

20 

2. Catheter selon la revendication 1, dans lequel 
au moins une marque ne transmettant pas les 
rayons X est formee sur ledit trongon de tube 
de catheter qui correspond audit orifice lateral. 

25 

3. Catheter selon les revendications 1 ou 2, dans 
lequel au moins une embouchure est ajoutee 
audit manchon. 

4. Catheter selon Tune quelconque des pr^ce- 3o 
dentes revendications. caract§ris4 en ce 
qu'une partie au moins du trongon d'extremit^ 
distale en avant du trongon de tube de cathe- 
ter qui correspond audit orifice lateral a un 
diamfetre ext^rieur sensiblement ^gal k celui 35 
des autres trongons du tube de catheter. 

5. Catheter selon Tune quelconque des prece- 
dentes revendications, dans lequel ledit dispo- 
sitif de retenue par expansion a une forme 4o 
h^licoTdale. 

6. Catheter selon I'une quelconque des pr^c^- 
dentes revendications, dans lequel ledit alliage 

h m^moire de forme pr^sente des propri^t^s 45 
unidirectionnelles de m^moire de forme. 

7. Catheter selon Tune quelconque des revendi- 
cations 1 k 5, dans lequel ledit alliage a m^- 
moire de forme pr^sente des propri^t^s bidi- so 
rectionnelles de m^moire de forme. 
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FIG. 2 
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FIG. 3 




FIG. 4 
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